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ABSTRACT 



Disclosed is an avionics display device for use in the cockpit 
of an aircraft. The display device includes a liquid crystal 
display adapted for using a source of light to display 
information to a viewer and a backlight adapted to control- 
lably provide a portion of the source of light for use by the 
liquid crystal display in displaying the information. A poly- 
mer dispersed liquid crystal (PDLC) device is positioned 
between the liquid crystal display and the backlight. An 
ambient light sensor adapted to sense a level of ambient light 
in the cockpit of the aircraft provides a sensor output 
indicative of the sensed ambient light level. Luminance 
control circuitry coupled to the ambient light sensor, to the 
backlight and to the PDLC device, receives the sensor output 
and generates as a function of the sensed ambient light level 
control signals for controlling the intensity of the light 
provided by the backlight and the transmissivity of the 
PDLC device. 

18 Claims, 5 Drawing Sheets 




180 



185 



2>l. 




175 



170 



J 



m 



,110 185 ^120 



186 



112 



150 



AMBIENT 

LIGHT 
SENSOR 



160- 



PILOT 
MODE 
CONTROL 
INPUT 



187 



r 



130 



100 



BACKLIGHT 



-144 



z: 



152 



162 



142 
V 



140 



LUMINANCE 
CONTROLLER 



05/08/2004, EAST version: 1.4.1 



U.S. Patent 



Nov. 7, 2000 



Sheet 1 of 5 



6,144,359 





o 

Ti- 


ANCE 
OLLER 






z cc 

§£ 









o 

CM 



LL 





05/08/2004, EAST Version: 1.4.1 



U.S. Patent Nov. 7, 2000 Sheet 2 of 5 6,144,359 




05/08/2004, EAST Version: 1.4.1 



U.S. Patent 



Nov. 7, 2000 



Sheet 3 of 5 



6,144,359 







05/08/2004, EAST Version: 1.4.1 



U.S. Patent Nov. 7, 2000 Sheet 4 of 5 



6,144,359 




05/08/2004, EAST Version: 1.4.1 



U.S. Patent 



Nov. 7, 2000 



Sheets of 5 



6,144,359 





O 

C\l 



a- 



to 



o 

CN 5 


ANCE 
OLLER 






2 DC 






ii A 



CM 



CO 



lO 




LO 





05/08/2004, EAST version: 1.4.1 



6,144,359 

1 2 

LIQUID CRYSTAL DISPLAYS UTILIZING a sensor output indicative of the sensed ambient light level. 

POLYMER DISPERSED LIQUID CRYSTAL Luminance control circuitry coupled to the ambient light 

DEVICES FOR ENHANCED PERFORMANCE sensor, to the backlight and to the PDLC device, receives the 

AND REDUCED POWER sensor output and generates as a function of the sensed 

5 ambient light level control signals for controlling the inten- 

FIELD OF THE INVENTION sity of the light provided by the backlight and the transmis- 

sivity of the PDLC device. 

The present invention relates to backlighting liquid crystal 

displays (LCDs) in day and night mode conditions. More BRIEF DESCRIPTION OF THE DRAWINGS 
particularly, the present invention relates to LCDs which 

utilize a polymer dispersed liquid crystal (PDLC) device to FIG. 1 is a block diagram illustrating a transflector-type 

enhance day and night mode operation or to reduce back- display device in accordance with embodiments of the 

light energy consumption and to extend battery life. present invention. 

FIG. 2 is a block diagram illustrating the transflector-type 

BACKGROUND OF THE INVENTION w display device shown in FIG. 1 during day mode operations. 

Active matrix (AM) and other types of LCDs are increas- FI( J. 3 * a block diagram illustrating the transflector-type 

ingly being used as display devices in aircraft. To accom- display device shown in FIG. 1 during night mode opera- 

modate low level night operation and high ambient sunlight Uons. 

conditions, an extremely large backlight dimming range is FIG. 4 is a block diagram illustrating an active matrix 

necessary. A desired luminance range may be as large 0.03 20 liquid crystal display (AM-LCD) device in accordance with 

FtL to 200 FtL (6667:1) over the display field of view. This alternate embodiments of the present invention, functioning 

is a much larger range than previously exhibited by typical during day mode operations. 

hot cathode or cold cathode fluorescent lamps. FIG. 5 is a block diagram illustrating the AM-LCD device 
Previous backlight designs for backlighting LCDs have shown in FIG. 4, but functioning during night mode opera- 
exhibited a limited luminance range of only Approximately 25 tions. 
2000:1 for hot cathode lamps and 500:1 for cold cathode 

lamps. Conventional backlight designs cannot typically DETAILED DESCRIPTION OF THE 

achieve the low end of the luminance range without the PREFERRED EMBODIMENTS 

fluorescent lamp extinguishing or flickering Since the dif- nQ 1 ^ a Mock di illustrati dis j device or 

Acuity m providing the extremely large dimming range ffl m {q accordance with first embodiments of the 

occurs primarily at very low luminance levels, a backlight m iavention . Display device 100 is a transflective-type 

design capable of achieving a very low luminance uniform d - , device Transflective _ type display device i 00 



output without significantly affecting the maximum lurai- 



includes LCD 110, polymer dispersed liquid crystal (PDLC) 



nance level would be a significant improvement. ^ deyice 12Q backlight 130j luminance controller 140, ambi 

Additionally, transflective type LCDs have the disadvan- ent light sensor 150 and pilot mode control input device 160. 

tage of high losses of luminance from the backlight device Display device 100 is adapted to provide a high contrast 

during night mode operations. Conventional transflective display image using a combination of reflected ambient light 

LCDs utilize a transflector which may reflect approximately and light generated from backlight 130. In addition to 

50 to 80 percent of ambient light impinging on the trans- 4Q avionics applications, this invention would provide the 

flector's front surface. Thus, during the day with high levels advantages described herein in portable equipment, hand 

of ambient light available, the reflected light can be used as held equipment, vehicular equipment, and underwater dive 

a source of light to achieve sufficient daylight contrast, often equipment. 

without the use of the backlight. However, during night LCD 110 can be any of a variety of relatively low cost 

mode operation in which ambient hght is generally unavail- 4f . Hquid crystal display devices having individual pixel 

able for use in achieving desired contrast levels, a backlight positions , the transmissivity of which can be controlled to 

must be used. Since conventional transflectors transmit only dis { different textual or graph i ca l information to viewer 

approximately 20 to 50 percent of the light generated by the m In 0fder tQ ide h nt 1?5 difected toward yiewef 

backlight, they have proven to be inefficient during night 170 and keying the textual or graphical information, 

mode operation. A transflective LCD, the transflector of 5Q L CD 110 requires a source of light directed toward side 112. 

which reflects a high percentage of ambient light for use in M is known in the artj LC D 110 conveys the textual or 

achieving high contrast dunng day mode operation, and graphical information by controlling the transmissivity of its 

which transmits a high percentage of backlight luminance to individual pixel positions 

achieve high contrast during night mode operation, would ™ T ^ , . , r i4 . 4t 

. . x . . . PDLC device 120, also referred to as a shutter, is posi- 

also be a signtfcant .mprovement. 5J lioned LCD UQ and m pDLC ^ 

SUMMARY OF THE INVENTION 120 typically includes a polymer sandwiched between glass 

plates. The phototopic transmission of the polymer of PDLC 

Disclosed is a display device for use in the cockpit of an device 120 is changed as a function of the electric field 

aircraft or in handheld portable devices. The display device generated between the conductive coatings on the glass, 

includes a liquid crystal display adapted for using a source 60 PDLC device 120 can be switched from a reflective 

of light to display information to a viewer and a backlight (opaque) mode to a transmissive mode by applying a voltage 

adapted to controllably provide a portion of the source of and small current. Generally, PDLC devices such as device 

light for use by the liquid crystal display in displaying the 120 require very little power, only on the order of 

information. A polymer dispersed liquid crystal (PDLC) microamps/cm 2 . The control or drive voltages and currents 

device is positioned between the liquid crystal display and 65 used to control the transmissivity of PDLC device 120 are 

the backlight. An ambient light sensor adapted to sense a provided by control lines 144 from luminance controller 

level of ambient light in the cockpit of the aircraft provides 140. 
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Backlight 130 can be any of a wide variety of backlight night mode of operation, as identified by ambient light 
designs. For example, backlight 130 can include dimmable sensor 150 and/or input device 160, luminance controller 
fluorescent lamps along with reflectors and/or diffusers. In 140 generates control signals which cause PDLC device 120 
the alternative, backlight 130 can include light emitting to become photopically transmissive. Generally, the trans- 
diodes (LEDs), electroluminescent light sources, or incan- 5 missivity of PDLC device 120 can be controlled such that 
descent lamps. Backlight 130 can be controlled to generate light 193 passing through PDLC device 120 is at least about 
light in the general direction of LCD 110 for the purpose of 85 percent of incident light 192 from backlight 130. 
displaying information to viewer 170. The luminance inten- Consequently, less than about 15 percent of light 192 is 
sity provided by backlight 130 is controlled by luminance reflected by PDLC device 120 as light 194. Light 193 
controller 140 via control signals provided on signal lines Q originating from backlight 130 and passing through PDLC 
142. device 120 ultimately passes through LCD 110 and serves as 

Ambient light sensor 150 senses the intensity level of light 175 directed toward viewer 170 and adapted to convey 

ambient light in the cockpit of an aircraft in which display the information. 

device 100 is installed and viewer 170 is positioned. The As discussed above, FIGS. 2 and 3 illustrate operation of 
ambient light sensor 150 provides an indication to lumi- 15 display device 100 at day and night mode extremes, 
nance controller 140 of the ambient light intensity levels via However, in preferred embodiments, luminance controller 
signals on signal line 152. Pilot mode control input device 140 controls the transmissivity of PDLC device 120 over a 
160 can be a switch or other input device adapted to provide, spectrum or range of possible values based upon the ambient 
via signal line 162, an indication to luminance controller 140 light level in the cockpit of the aircraft as determined by 
of whether display device 100 should function in a day mode 20 sensor 150. Simultaneously, luminance controller 140 Con- 
or in a night mode. In accordance with preferred embodi- trols backlight 130 in a similar manner to provide a range of 
ments of the present invention, luminance controller 140 easily achievable luminance levels. Thus, at times, display 
automatically controls PDLC device 120 and backlight 130 device 100 can operate using both reflected ambient light 
based upon signals from one or both of sensor 150 and input and light from backlight 130. 

device 160. Illustration of the function of display device 100 25 Transflective-type display device 100 provides a number 

in day and night modes of operation are illustrated in FIGS. of advantages over conventional transflective display 

2 and 3, respectively. devices. For example, the luminance levels necessary to 

As illustrated in FIG. 2, luminance controller 140 controls achieve a desired contrast under a variety of ambient light 
PDLC device 120 and backlight 130 such that LCD 110 conditions is significantly easier to achieve. Further, since 
relies primarily upon ambient light reflecting from PDLC 30 approximately 85 percent of light from backlight 130 can be 
device 120 and back through LDC 110 to achieve a desired transmitted by transflector 120 during night mode 
level of contrast. To achieve this reflection, PDLC device operations, power consumption by backlight 130 in the night 
120 remains in an inactivated state (i.e., with little or no mode is significantly reduced. In portable and hand held 
power applied). As discussed above, luminance controller devices the reduced power extends battery life. In 
140 controls PDLC device 120 and backlight 130 based 35 comparison, transflector designs used by conventional 
upon a determination of which mode of operation (day mode transflective-type display devices typically transmitted as 
or night mode) is proper as determined using inputs from little as 20 percent of the backlight energy during night mode 
ambient light sensor 150 and/or from pilot mode control operations. Another advantage of transflective display 
input device 160. Preferably, this determination occurs at device 100 is that the backlighting costs can be reduced by 
least partially automatically based upon the ambient light 40 reducing the number of light sources such as LEDs and 
level detected by sensor 150. Further, in preferred incandescent lamps. Further, weight and volume of back- 
embodiments, the transmissivity of PDLC device 120 and light 130 can be reduced as a result. Also, the life of 
the luminance output intensity of backlight 130 are control- electroluminescent backlights can be significantly extended 
lable to achieve optimized contrast levels for ambient light using the PDLC transflector concept, 
levels which may be experienced and which fall between 45 FIGS. 4 and 5 are block diagrams illustrating display 
typical full day mode and typical full night mode ambient device 200 in accordance with alternate embodiments of the 
light levels. present invention. Display device 200 includes components 

In full day mode operations, luminance controller 140 which are similar to those included in display device 100, 

controls backlight 130 to produce substantially no lumi- but display device 200 is not a transflective-type display, 

nance output. Ambient light 185, for example from sun 180 50 Instead, display device 200 relies substantially completely 

or other sources of light, passes through LCD 110 and/or upon light from backlight 130 to display information. Dis- 

from the sides of display device 100. When controlled to be play device 200 differs primarily from display device 100 

in its highly reflective state for day mode operations, PDLC illustrated in FIGS. 1-3 in that LCD 110 is preferably an 

device 120 reflects as light 186 approximately 80 percent or AM-LCD or other type of liquid crystal device which is well 

more of light 185. Consequently, 20 percent or less of 55 suited for displaying information to viewer 170 in the 

ambient light 185 is transmitted as light 187 toward back- cockpit of an aircraft, but which is not well suited to utilize 

light 130. Reflected ambient light 186 passes through LCD reflected ambient light to display information. 

110 and ultimately serves as light 175 directed toward During day mode operation as indicated by the presence 

viewer 170 and used to display the textual or graphical of sun 190, ambient light sensor 150 provides an indication 

information. 60 of the high levels of ambient light within the cockpit of the 

As represented by the existence of moon 195, FIG. 3 aircraft. Using this information alone, or in combination 

illustrates the functions of display device 100 during night with an input from the pilot using mode control input device 

modes of operation. During night modes of operation, 160, luminance controller 210 controls PDLC device 120 

insufficient ambient light levels exist for display device 100 and backlight 130 in order to achieve high display contrast 

to function properly using primarily reflected ambient light. 65 during the day mode conditions. During day mode 

Consequently, light 192 output by backlight 130 is used to operations, high luminance levels from backlight 130 are 

achieve the desired contrast and luminance levels. In this required to achieve the desired display contrast. 



05/08/2004, EAST Version: 1.4.1 



6,144,359 

5 6 

Consequently, luminance controller 210 controls PDLC 2. The avionics display device of claim 1, wherein when 

device 120 such that it transmits as light 193 a high the sensed ambient light level is indicative of day mode 

percentage of light 192 from backlight 130. As discussed operations, the luminance control circuit reduces the inten- 

above with reference to the transfiective-type display sity of the light provided by the backlight and reduces the 

devices, in its most photopically transmissive state, PDLC 5 transmissivity of the PDLC device such that the source of 

device 120 transmits approximately 85 percent of incident light used by the liquid crystal display is provided primarily 

light 192 from backlight 130. Consequently, light 194 by ambient light reflected by the PDLC device back toward 

reflected by PDLC device 120 would be as little as 15 the liquid crystal display. 

percent of incident backlight energy 192. Light 193 trans- 3. The avionics display device of claim 2, wherein during 

mitted through PDLC device 120 is controllably transmitted 10 day mode operations the luminance control circuit turns off 

through AM-LCD 110 and becomes light 175 directed the backlight such that its power consumption and light 

toward viewer 170 to display the textual or graphical infor- output are minimized. 

mation. 4. The avionics display device of claim 2, wherein when 
As indicated by the presence of moon 195, FIG. 5 lh e sensed ambient light level is indicative of night mode 
illustrates the operation of display device 200 during night 15 operations, the luminance control circuit increases the inten- 
mode. During night mode, it is necessary to provide much sity of the light provided by the backlight and increases the 
lower luminance levels than during day mode operations. transmissivity of the PDLC device such that an increased 
Since fluorescent lamp-type and other backlights experience percentage of the light provided by the backlight is trans- 
difficulty when dimmed to achieve the lowest luminance mitted through the PDLC device and such that the source of 
levels in the required dimmable range, luminance controller 20 light used by the liquid crystal display is provided primarily 
210 controls PDLC device 120 to reflect a higher percentage from the backlight. 

of backlight energy 192. When ambient light sensor 150 5. The avionics display device of claim 4, wherein for 

and/or pilot mode control input device 160 provide lumi- each of a plurality of different levels of sensed ambient light 

nance controller 210 an indication that it should be func- the control circuit is adapted to control the intensity of the 

tioning in night mode, luminance controller 210 controls 25 light provided by the backlight to a different one of plurality 

PDLC device 120 to reduce its transmissivity, and increase of intensity levels and to control the transmissivity of the 

its opaqueness. As discussed above, at a maximum PDLC PDLC device to a different one of a plurality of transmis- 

device 120 will reflect as light 194 approximately 85 percent sivity levels in order to provide the source of light used by 

of incident backlight energy 192. With transmitted backlight the liquid crystal display using different ones of a plurality 

energy 193 being as little as 15 percent of incident backlight 30 of combinations of light from the backlight and reflected 

energy 192, low luminance levels of light 175 directed ambient light. 

toward viewer 170 can be achieved without dimming back- <>. The avionics display device of claim 1, wherein the 

light 130 below its optimal range of operation. Therefore, as liquid crystal display is an active matrix liquid crystal 

illustrated in FIGS. 4 and 5, PDLC device 120 can be display. 

controlled to achieve very low and uniform luminance levels 35 7. The avionics display device of claim 6, wherein the 

during night mode operations, yet can be controlled during backlight includes a fluorescent lamp, 

day mode operations to be highly transmissive so that little 8. The avionics display device of claim 7, wherein when 

backlight energy is lost. the sensed ambient light level is indicative of day mode 

Although the present invention has been described with operations, the luminance control circuit automatically 

reference to preferred embodiments, workers skilled in the 40 increases the intensity of the light provided by the backlight 

art will recognize that changes may be made in form and and increases the transmissivity of the PDLC device such 

detail without departing from the spirit and scope of the that an increased percentage of the light provided by the 

invention. - backlight is transmitted through the PDLC device to thereby 

What is claimed is: increase an intensity level of the source of light used by the 

1. An avionics display device for use in the cockpit of an 45 active matrix liquid crystal display, 

aircraft, the display device comprising: 9 - ^ avionics display device of claim 8, wherein when 

.. . * i • | . a . , 4 , c the sensed ambient light level is indicative of night mode 

a liquid crystal display in a transflective mode adapted for . . , . , . . . „ 

„ ./ „ n ;„L ( tn ,««.i«„ ;~f~ nh -l operations, the luminance control circuit automatically 

using a source of light to display information to a / . . c . . A . . . ' 

viewer* decreases the intensity of the light provided by the backlight 

, ' , . .. , , . , , 50 and decreases the transmissivity of the PDLC device such 

a backlight adapted to controllably provide at least a ^ a t of the ^ ided 5 the 

portion of the source of light for use by the liquid h ^ h{ ^ transmitted thr h the PDLC device to there5 

crystal display in displaying the mformation; decrease an , evd of ^ num of Ught used by ^ 

a polymer dispersed liquid crystal (PDLC) device posi- acl i ve raatr j x ii qu j d crysta i display. 

tioned between the liquid crystal display and the back- 55 10 . The avionics display device of claim 9, wherein when 

light; the sensed ambient light level is indicative of night mode 

an ambient light sensor adapted to sense a level of operations, the luminance control circuit automatically 

ambient light in the cockpit of the aircraft and to decreases the intensity of the light provided by the backlight 

provide a sensor output indicative of the sensed ambi- and decreases the transmissivity of the PDLC device such 

ent light level; and 60 that the decreased percentage of the light provided by the 

luminance control circuitry coupled to the ambient light backlight is transmitted through the PDLC device to thereby 

sensor, to the backlight and to the PDLC device, the decrease the intensity level of the source of light used by the 

luminance control circuitry receiving the sensor output active matrix liquid crystal display, 

and generating as a function of the sensed ambient ught 11. The avionics display device of claim 10, wherein for 

level control signals for controlling an intensity of the 65 each of a plurality of different levels of sensed ambient light 

light provided by the backlight and for controlling the the control circuit is adapted to control the intensity of the 

transmissivity of the PDLC device. light provided by the backlight to a different one of plurality 
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of intensity levels or to control the transmissivity of the night operation overcoming limitations of backlight low 

PDLC device to a different one of a plurality of transmis- level operation. 

sivity levels in order to provide the source of light used by 15. The avionics display device of claim 14, wherein for 

the liquid crystal display at a corresponding different one of each of a plurality of different levels of sensed ambient light 

a plurality of intensity levels. 5 me luminance control means controls the intensity of the 

12. An avionics display device for use in the cockpit of an ^ source of light provided by the backlight means to a 
aircraft, the display device comprising: different one of plurality of intensity levels and controls the 

transmissive mode liquid crystal display means for dis- transmissivity of the PDLC device means to a different one 

playing information to a viewer; 0 f a plurality of transmissivity levels in order to provide the 

backlight means for controllably providing a first source 10 light used by the transmissive mode liquid crystal display 

of light for use by the transmissive mode liquid crystal means. 

display means in displaying the information; and 16. A method of controlling an avionics display device 

polymer dispersed liquid crystal (PDLC) device means having a liquid crystal display adapted for using a source of 

positioned between the transmissive mode liquid crys- light to display information to a viewer, a backlight adapted 

tal display means and the backlight means for control- to controllably provide at least a portion of the source of 

lably transmitting toward the transmissive mode liquid light for use by the liquid crystal display in displaying the 

crystal display means a minority of the first source of information, and a polymer dispersed liquid crystal (PDLC) 

light from the backlight means during night mode device positioned between the liquid crystal display and the 

operations; and 20 backlight, the method comprising: 

ambient light sensing means for sensing a level of ambi- sensing a level of ambient light in the cockpit of an 

ent light in the cockpit of the aircraft and providing a aircraft in which the avionics display device is 

sensor output indicative of the sensed ambient fight installed; and 

level; and automatically controlling the intensity of the light pro- 

luminance control means coupled to the ambient light 25 vided by the backlight and the transmissivity of the 

sensing means, to the backlight means and to the PDLC PDLC device as functions of the sensed ambient light 

device means, for receiving the sensor output and level. 

automatically generating as a function of the sensed 17. The method of claim 16, wherein the step of control - 

ambient light level control signals for controlling an ling further includes automatically controlling the intensity 

intensity of the first source of light provided by the 30 of the light provided by the backlight and the transmissivity 

backlight means and for controlling a transmissivity of of the PDLC device when the sensed ambient light level is 

the PDLC device means. indicative of day mode operations such that the intensity of 

13. The avionics display device of claim 12, wherein the light provided by the backlight and the transmissivity of 
when the sensed ambient light level is indicative of day the PDLC device are reduced so that the source of light used 
mode operations, the luminance control means controls the 35 by the liquid crystal display is provided primarily by ambi- 
backlight means and the PDLC device means to increase the ent light reflected by the PDLC device back toward the 
intensity of the first source of light provided by the backlight liquid crystal display. 

means and to increase the transmissivity of the PDLC device 18. The method of claim 17, wherein the step of control- 
means such that the light used by the transmissive mode ling further includes automatically controlling the intensity 
liquid crystal display means is provided primarily by the 40 of the light provided by the backlight and the transmissivity 
backlight means. of the PDLC device when the sensed ambient fight level is 

14. The avionics display device of claim 13, wherein indicative of night mode operations such that the intensity of 
when the sensed ambient fight level is indicative of night the light provided by the backlight and the transmissivity of 
mode operations, the luminance control means reduces the the PDLC device are increased so that the source of light 
intensity of the first source of light provided by the backlight 45 used by the liquid crystal display is provided primarily by 
means and reduces the transmissivity of the PDLC device the backlight. 

means such that light provided by the backlight means is 

transmitted through the PDLC device means at low level for ***** 
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